The inhibition of mild steel corrosion in 1N sulphuric acid was studied in the presence of various concentrations (10-150 ppm) of substituted dithiobiurets and their molybdenum and tungsten complexes at 25 o C. All the compounds behaved as ambiodic corrosion inhibitors for mild steel and were considered to inhibit the corrosion by getting adsorbed on the surface. The inhibition efficiencies (IEs) of the complexes, in general, were found to be appreciably higher than those of corresponding ligands. However, the IE values of the complexes of molybdenum and tungsten of the same ligand did not differ much in their magnitude indicating thereby that the nature of central metal ions hardly influenced the inhibition efficiency. The slight difference in the IEs of the complexes at a given concentration seems to be caused by the slight difference in their size. The variation in IEs of different derivatives of ligands has been attributed to change in their size, number of active sites for adsorption and the electron density on these active sites. Scanning Electron Microscopy was used to study the surface of corroded and inhibited specimens.
Introduction
Mild steel is extensively used as an inexpensive structural material for fabrication of storage tanks, pipe lines, shipping drums etc. These equipments may encounter severe attack of sulphuric acid during acid cleaning, pickling, descaling, acidizing in mining and oil wells and also during transportation. The inhibitors employed for such systems are reported to be mainly pure organic compounds containing N, O and/or S as the hetero-donor atoms [1] [2] [3] [4] [5] [6] . Few reports [7] [8] are available in the literature where the use of naturally occurring substances has been recommended as corrosion inhibitors for this system. More recently study of metal complexes as a new class of corrosion inhibitors for a different system has been successfully accomplished in this laboratory [9] [10] [11] [12] [13] and it has been invariably found that complexation of an organic base results in increased inhibition efficiency.
In view of the above, a few dithiobiurets and their molybdenum and tungsten complexes have been synthesized and their inhibitive properties have been studied for mild steel -1.0 N sulphuric acid system. Further, attempt has been made to correlate the IEs of different inhibitors with their structures.
Experimental
The working electrode and specimens for weight loss and electrochemical experiments were prepared from mild steel sheets having the following percentage composition: The specimens for the weight loss experiments were of the size 3x3 cm and those for electrochemical studies the size of the electrodes was 1x1 cm with a 4 cm long tag for electrochemical contact. Both sides of the specimens were exposed for both the techniques. The specimens were mechanically polished successively with 1/0, 2/0, 3/0 and 4/0 grade emery papers. After polishing with the paper of each grade, the surface was thoroughly washed with soap, running tap water, distilled water and finally was degreased with acetone. The samples were dried and stored in a vacuum desiccator before immersing in the test solution. For weight loss experiments 300 mL of 1N H 2 SO 4 were taken in 500 mL glass beakers with lids. The inhibition efficiencies were evaluated after 24 h using 10, 20, 50, 100 and 150 ppm of inhibitors. The specimens were removed from the electrolyte, washed thoroughly with distilled water, dried and weighed.
The electrochemical experiments were carried out in a three necked glass assembly containing 150 mL of the electrolyte with different concentrations of inhibitors (from 10 ppm to 150 ppm by weight) dissolved in it. Polarisation studies were performed in unstirred undaerated solutions using a Wenking
Potentiostat (POS-73). Starting from open circuit potential, the potential was manually applied in 10 mV steps in the anodic or cathodic direction and the corresponding steady state currents were measured directly from the ammeter on the panel of potentiostat. All experiments were performed at 25 ±. 2 ºC in an electronically controlled air thermostat.
The inhibitors 1-aryl-2,4 dithiobiurets were prepared [14] by refluxing aryl amines and isoperthionic acid in ethanol for half an hour. The metal complexes of the dithiobiurets were prepared by mixing an acidified aqueous solution of sodium molybdate/tungstate and an ethanolic solution of the corresponding ligand in approximately 1:1 molar ratio. After digesting the reaction mixture on water bath, the precipitate obtained was filtered, washed with hot water, followed by ethanol and dried in vacuo [15] .
Results and Discussion
The percentage inhibition efficiencies (%IE) of different dithiobiurets i.e. Table 1 show that the inhibition efficiencies calculated by electrochemical method are in good agreement with those calculated from the weight loss data within the limits of the experimental error.
It is further evident from these data that all the inhibitors are good inhibitors even at the concentration as low as 10 ppm. On increasing the concentration of the inhibitors from 10 ppm to 150 ppm the % IE increases gradually and linearly.
The structure of the inhibitors molecules are shown below: and as a consequence the % IE is expected to increase. A further increase in % IE was found when -CH 3 group was replaced by -OCH 3 group. This enhancement in inhibition is due to better electron donating property of the methoxy group as compared to that of methyl group.
The participation of π-electrons of the phenyl ring during adsorption is further confirmed on replacing electron donating groups by an electron withdrawing group like -chloro group. It is observed during the investigation that the substitution of these groups resulted in a decrease in inhibition efficiencies. The decrease in % IE due to the presence of -chloro group has been reported earlier [16] .
The percentage inhibition efficiencies of molybdenum and tungsten dithiobiuret complexes have been evaluated at 10, 20, 50, 100 and 150 ppm concentrations at 25 ºC and the data are recorded in Table 1 . The observed trend in case of the complexes remains the same as that observed in the case of the respective ligands. The representative structure of the metal complex is shown below:
It is clear from the structure of the complexes that these have larger size and more active sites of adsorption than the corresponding ligands. Hence, the metal complexes show higher % IE than the corresponding ligands. In the case of complexes, the % IE is high even at very low concentrations. The % IE observed in the case of metal complexes of various ligands follows the same trend as that followed by the respective ligands.
It is also observed that the % IE of the complexes of molybdenum and tungsten The shift towards lower current density follows the same order as the % IE of the ligand and its molybdenum and tungsten complexes calculated by weight loss technique. The cathodic polarization curves for all derivatives of dithiobiuret at 25 ºC with 150 ppm of inhibitor concentration have been shown in Fig. 7 . It is observed that maximum shift towards lower current density is observed for Inh III which
shows maximum % IE and minimum shift is observed for Inh IV with minimum % IE. Fig. 9 . It is observed again that the shift towards lower current density in these curves is greater as compared to the corresponding ligands. The maximum shift towards lower current density is exhibited by Inh VII which exhibits maximum % IE. 
